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1. Introduction

A revised WID on Narrow band IOT (NB-IOT) was agreed in RAN#70. According to the WID, RAN4 is asked to specify the UE and Base Station RRM requirements. In last meeting, way forward on cell re-selection was approved with proposals as follows [1],
· Cell re-selection requirement

· Requirement for cell reselection comprises at least: 

· Measurement and evaluation of serving cell, 

· Cell identification time of target cell,

· Measurement period of target cell

· Evaluation time of target cell

· Any additional requirement, if identified, is not precluded.

· Detail requirements for each part above are FFS.
In this contribution, further discussion on cell reselection for NB-IoT is provided with updates to [2].
2. Discussion
From TS36.133 it can be found that the existing intra-frequency cell reselection requirement includes following parts:

a) measurement and evaluation of serving cell

b) cell identification time of target cell
c) intra-frequency measurement period

d) evaluation time of target cell
It is natural to reuse the methodology when discussing cell reselection requirement for NB-IoT. Note that the exact value of each period needs simulation to evaluate. However, RAN4 can not carry out simulation until the narrow band dedicated synchronization signal and cell specific reference signal is concluded by RAN1.
In RAN2, it was agreed to support:
-
Idle mode DRX with DRX cycle values in the “normal” range and in eDRX range. FFS: The normal range is defined up to 2.56 sec
2.1.1. DRX

Discontinuous reception of paging for UEs in RRC_IDLE is specified to reduce power consumption [3]. The UE DRX procedure for paging reception is illustrated in Figure 1. At each paging occasion, UE would wake up to search for P-RNTI transmitted on PDCCH.
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Figure 1 UE DRX procedure in RRC_IDLE
With extended DRX, UE would sleep for up to around 3 hours, according to RAN2 running CR for NB-IoT [2]:
X.3.3
Paging and DRX in idle mode

To save power consumption of devices and support different delay-sensitive applications, idle mode DRX should consider supporting the range of DRX cycle as follows:

-
Up to around 3 hours should be possible to support. The exact cycle length is FFS.

-
Down to around 1 second should be supported. The exact cycle length is FFS. 
2.1.2. Impacts to RRM requirements
With support of DRX cycle up to 3 hours and infrequent traffic, NB-IoT UE would be configured to sleep for a long time. This would cause too long time delay in cell reselection if the methodology in LTE is re-used for NB-IoT. In this section, the RRM requirements in cell reselection are discussed based on this motivation.
Measurement and evaluation of serving cell:
As specified, the measurement and evaluation time of serving cell are based on DRX cycles. If the DRX cycle is extended, more time is spent by UE to measure and evaluate the serving cell, thus an inappropriate long delay is required before initiating cell reselection.
In measurement, the filtering of spaced measurement samples is to smooth the measurements and improve measurement accuracy on RSRP/RSRQ, which is currently half of DRX cycle. However, with DRX cycle up to 3 hours, the channel status would have changed significantly between the two measurement samples, making the measurement filter not suitable to reflect current channel. For evaluation, UE would evaluate in Nserv consecutive DRX cycles that the serving cell does not fulfil the cell selection criterion S before initiating neighbour cell measurements. However, with long DRX cycle, the previous evaluation results cannot reflect current channel status, and thus are useless. This can be addressed by following methodology for long DRX cycle:
· The evaluation of serving cell is performed no early than a certain period X (e.g. X=5 seconds) before the UE wakes up by at least 2 measurements spaced by at least X/2.
· Reduce Nserv to 1.
This methodology is illustrated in Figure 2.
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Figure 2 Proposed measurement and evaluation procedure of serving cell under long DRX
Observation 1: it is beneficial to consider following options for serving cell evaluation under long DRX cycle
· The evaluation of serving cell is performed no early than a certain period X (e.g. X=5 seconds) before the UE wakes up by at least 2 measurements spaced by at least X/2.

· Reduce Nserv to 1.
Cell identification time of target cell:
One thing we need to highlight is that as the DRX cycle (extended DRX mode) is quite long compared with legacy LTE paging cycle (up to 2.56s), the cell identification time in RRC_IDLE state should not be simply acquired by scaling the sample number needed in RRC_CONNECTED state by DRX cycles. Otherwise UE might spend too much time on identifying target cell before camp on it.
Here we provide the existing intra-frequency cell reselection delay from TS36.133 section 4.2.2.3 for information:
Table 4.2.2.3-1 : Tdetect,EUTRAN_Intra, Tmeasure,EUTRAN_Intra and Tevaluate, E-UTRAN_intra
	DRX cycle length [s]
	Tdetect,EUTRAN_Intra [s] (number of DRX cycles)
	Tmeasure,EUTRAN_Intra [s] (number of DRX cycles)
	Tevaluate,E-UTRAN_intra
[s] (number of DRX cycles)

	0.32
	11.52 (36)
	1.28 (4)
	5.12 (16)

	0.64
	17.92 (28)
	1.28 (2)
	5.12 (8)

	1.28
	32(25)
	1.28 (1)
	6.4 (5)

	2.56
	58.88 (23)
	2.56 (1)
	7.68 (3)


Considering narrow band and low cost design, NB-IoT UE may need more samples to identify a detectable cell. If methodology of deriving Tdetect,EUTRAN_Intra is reused for NB-IoT, thus from table above one can see that NB-IoT UE may spend too much time to detect target cell, e.g. it would take 60 hours for UE to detect a intra-frequency neighbour cell in extended mode when the DRX cycle is about 3 hours, which is obviously unacceptable. 
Observation 2: the methodology of deriving Tdetect,EUTRAN_Intra for legacy LTE UE is not suitable for NB-IoT UE when long DRX cycle is configured.
Measurement and evaluation of target cell:
For long DRX cycle, there would be the same issues as in analysis on measurement and evaluation of serving cells. Therefore, the following methodology can be considered for long DRX cycle:

· The evaluation of target cell is performed no early than a certain period Y (e.g. Y=5 seconds) before the UE wakes up by at least 2 measurements spaced by at least Y/2.
· Reduce Tevaluate,E-UTRAN_intra to 1 DRX cycle.
This methodology is illustrated in Figure 3.
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Figure 3 Proposed measurement and evaluation procedure of target cell under long DRX
Observation 3: it is beneficial to consider following options for target cell evaluation under long DRX cycle
· The evaluation of target cell is performed no early than a certain period Y (e.g. Y=5 seconds) before the UE wakes up by at least 2 measurements spaced by at least Y/2.
· Reduce Tevaluate,E-UTRAN_intra to 1 DRX cycle.

In the above discussion, one open issue is that the definition of long DRX cycle is unclear, i.e., the specific value that a DRX cycle is called a long DRX cycle when it is larger than that. This specific value shall be determined based on the final design of narrow band synchronization channel and reference signals, and also further evaluation.
Observation 4: The definition of long DRX cycle needs to be considered.
Another method to address the above problems is to specify a short DRX cycle (or even non-DRX) according to which UE would perform cell search and measurement once cell reselection is triggered. However, the trigger condition of short DRX cycle or non-DRX for cell search and reselection needs further discussion and evaluation. 
Observation 5: when configured with long DRX cycle, it is beneficial if a NB-IoT UE can perform cell reselection according to a specified short DRX cycle (or even non-DRX).
2.1.3. Impacts of UE coverage level
Even though there’s no agreement on coverage level, in RAN1 discussion and evaluations, UEs are generally classified into three classes: normal coverage, extend coverage and extreme coverage, with 144dB, 154dB and 164dB maximum coupling loss respectively. Due to different experienced pathloss, UEs under different coverage levels would have different time for cell identification, measurement and evaluation of serving cell and target cells. In [4], it has been approved that different measurement requirements for eMTC will be specified for normal coverage and enhanced coverage. This methodology can be re-used for NB-IoT. Another option is to specify requirements according to UEs with most stringent coverage levels. However, this depends on RAN1 decision and further evaluation.
Observation 6: The impacts of coverage level on requirements should be considered.
3. Conclusions

In this contribution, we provide detail discussion on cell re-selection requirement for NB-IoT UE. After discussion the following observation can be concluded:
Observation 1: it is beneficial to consider following options for serving cell evaluation under long DRX cycle

· The evaluation of serving cell is performed no early than a certain period X (e.g. X=5 seconds) before the UE wakes up by at least 2 measurements spaced by at least X/2.

· Reduce Nserv to 1.
Observation 2: the methodology of deriving Tdetect,EUTRAN_Intra for legacy LTE UE is not suitable for NB-IoT UE when long DRX cycle is configured.
Observation 3: it is beneficial to consider following options for target cell evaluation under long DRX cycle

· The evaluation of target cell is performed no early than a certain period Y (e.g. Y=5 seconds) before the UE wakes up by at least 2 measurements spaced by at least Y/2.
·  Reduce Tevaluate,E-UTRAN_intra to 1 DRX cycle.
Observation 4: The definition of long DRX cycle needs to be considered.
Observation 5: when configured with long DRX cycle, it is beneficial if a NB-IoT UE can perform cell reselection according to a specified short DRX cycle (or even non-DRX).

Observation 6: The impacts of coverage level on requirements should be considered.
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